Abstract The lack of scientific baseline information hinders appropriate design and management of protected areas. To illustrate the value of science to management, we consider five scenarios for the 202.0 km 2 Puerto Princesa Subterranean River National Park, Philippines: (1) closure to human activities, (2) and (3) two levels of increase in unplanned human activities, (4) creation of a forest corridor and (5) additional allocation of land for permanent or shifting agriculture. We then use habitat-specific bird density estimates to simulate the net effect of each scenario on 18 focal bird populations. Closure has significant benefits-populations of five species are predicted to increase by [50 % and nine by [25 %, but two secondary forest flycatchers, including the endemic and 'Vulnerable' Palawan flycatcher, decline dramatically, while the creation of a 4.0 km 2 forest corridor yields average increases across species of 2 ± 4 % (SD). In contrast, heavier unplanned park usage produces declines in all but a few species, while the negative effects of an extra 2.0 km 2 of shifting cultivation are 3-5 times higher than for a similar area of permanent agriculture and affect species whose densities are highest in primary habitats. Relatively small changes within the park, especially those associated with agricultural expansion, has serious predicted implications for local bird populations. Our models do not take into account the full complexities of bird ecology at a site, but they do provide park managers with an evidence base from which to make better decisions relating to biodiversity conservation obligations which their parks are intended to meet.
Introduction
The importance of protected areas in the global response to loss of biodiversity was re-affirmed by the parties to the Convention on Biological Diversity in late 2010 (Convention on Biological Diversity 2011). At present, there are over 100,000 protected areas (Biodiversity Indicators Partnership 2010) around the world, but their effectiveness in maintaining biodiversity is poorly understood (Gaston and others 2008) and is thought to vary substantially (Rodrigues and others 2004; Rayn and Sutherland 2011) .
In practice, despite clearly stated policy and management objectives (e.g., Jim and Xu 2004; Xu and others 2012) and explicit legal obligations, protected areas in developing countries typically experience conflicting pressures and demands (both external and internal) that greatly complicate the management process. The diversity of options that managers have to consider (and of uncertainties that they face) increases with the presence of multiple habitats, species of conservation concern (Carroll and others 2001) and multiple conservation designations (e.g., Kaimowitz and Sheil 2007) determined by anthropogenic influences both inside and outside their boundaries (Xu and Melick 2007) . Coupled with these are added complications of governance since many of these protected areas encompass a number of political units (e.g., Goodale and others 2003) with limited management and technical capacities (e.g., Hayes 2006; Sodhi and Smith 2006) and legacies of mismanagement (e.g., Kalamandeen and Gillson 2007) . Moreover, inappropriate conservation policies compound these complexities, both directly through measures such as legally prescribed management shortcuts (e.g., Johnson 2007; Lindenmayer and others 2008) and indirectly in cases where weak science lies behind national and local natural resource statutes (e.g., Hockings and others 2006) . In the Philippines, for example, there is a history of management zoning that protects forests on mountaintops where people are virtually absent and biodiversity is intact but impoverished, while leaving key lowland habitats, far richer in biodiversity, subject to multiple damaging human impacts (Mallari and others 2001; MacKinnon 2002; Conservation International 2004) .
Knowledge of the key biological values of protected areas is obviously crucial to their good management, and the quality of that management varies with the strength of the scientific evidence (Whittaker and others 2005; Lindenmayer and others 2008) . However, science-driven management of protected areas in developing countries appears to be relatively uncommon, resulting in inappropriate responses to the requirements of species of conservation concern (Carwardine and others 2007; Salo and Pyhälä 2007) . This is of particular concern where difficult decisions are being made about land inhabited by communities who may have legal or customary rights and who may be strongly affected by land management changes both inside and adjacent to protected areas. More fundamentally, the identification and setting of realistic biodiversity conservation targets for any protected area directly depends on the availability and quality of basic ecological information on the area's key biological values. This paper presents a case study of how such information on a key faunal group has been generated and deployed to support the management planning processes at Puerto Princesa Subterranean River National Park, Philippines.
Puerto Princesa Subterranean River National Park
Puerto Princesa Subterranean River National Park (hereafter PPSRNP) (10°10 0 N 118°55 0 E) is located in the Saint Paul Mountain Range, 80 km north-west of Puerto Princesa, capital of the island of Palawan, Philippines (Fig. 1) . It was subsequently inscribed in the UNESCO list of World Heritage Sites (WHS) under Criteria vii (contains superlative natural phenomena or areas of exceptional natural beauty and aesthetic importance) and x (contains the most important and significant natural habitats for in situ conservation of biological diversity, including those containing threatened species of outstanding universal value from the point of view of science or conservation) (UNESCO 2000) . To ensure the inclusion of all stakeholder interests, LGPP formed a 15-person Protected Area Management Board (PAMB) that includes national agencies, community and conservation NGOs, local community leaders, indigenous peoples' groups and local government representatives.
Prior to 2006, the PPSRNP management plan ignored key lowland habitats, where all the key threatened species of bird occur, and lacked a clear conservation program and biodiversity monitoring protocol (Mallari 2009) . From 2006 to 2008, we worked with PPSRNP staff to survey the park, establish the ecological baselines covering different habitat classes and assess the habitat use and abundance of globally threatened and/or Palawan endemic bird species (Mallari and others 2011) . The PAMB requested that the data on abundances and habitat use of these key species be used as a basis for revising the PPSRNP management plan. The intention was to ensure that these data (the only detailed data on any species in the park) would underpin the re-designation of management zones and activities identified in the new plan. This would allow the exploration of options to give PAMB the best chance to maintain and enhance the park's biodiversity value and thus meet its legal obligations.
Biodiversity and Livelihood Values of PPSRNP
Puerto Princesa Subterranean River National Park is located in one of the largest continuous forest blocks on Palawan. This block comprises lowland dipterocarp forest, forest dominated by molave trees (Vitex parviflora), karst forest and montane forests at higher elevations (Mallari and others 2001) . Small areas of mangroves also occur. Approximately two-thirds of the reserve's vegetation is pristine, dominated by trees such as apitong (Dipterocarpus grandiflorus), ipil (Intsia bijuga) and other hardwoods. The park has a high biodiversity value, with many Palawan endemic and globally threatened species present, most of them dependent on lowland forests. It contains populations of several mammal species listed as Vulnerable (VU) on the IUCN Red List:
Palawan fruit bat (Acerodon leucotis), Asian small-clawed otter (Aonyx cinerea), binturong (Arctictis binturong) and Philippine porcupine (Hystrix pumila), plus one Near Threatened (NT) species, Palawan flying squirrel (Hylopetes nigripes) (Mallari and others 2001) . Four VU and three NT bird species occur in the park, all seven of them endemic to Palawan, along with three other Palawan endemic bird species (Table 1 ; Stattersfield and others 1998; Mallari and others 2001) . This species-specific importance of PPSRNP is greatly increased by the relatively undisturbed nature of its extensive landscape of tropical lowland, karst and limestone forests (Quinnell and Balmford 1988; Mallari and others 2001) .
The park's territory and surroundings are the ancestral lands of the Batak and Tagbanua peoples, and these communities have affected the structure of the forest and the densities of bird species in the resulting habitat classes (Mallari and others 2011) . Tagbanua, the area's largest indigenous group (making up c.10 % of the total population of c.4,000 individuals as of 2011, and with an annual growth of 5 %), are generally upland farmers who practice swidden agriculture centered on dry rice, root crops, vegetables and, increasingly, tree crops. Bataks and Tagbanuas collect a range of non-timber forest products, while rattan and honey are the chief sources of income (Dressler 2006; Dressler and others 2006) . Tagbanua communities live around the boundaries, including along the coast. Mallari (2009) found that the main economic activity in PPSRNP is agriculture carried out in the multiple-use zone designated under the current zoning classification. These areas are near the road and elsewhere in the nutrient-rich lowlands where relative flatness makes the land suitable for farming. Much of the landscape of PPSRNP, especially around the peripheries of the main St Paul's-Cleopatra massif, is influenced by the demand for rice fields. Four main livelihood clusters were found within PPSRNP (Mallari 2009 ) comprising: (a) the gathering of wildlife and non-timber forest products for market, typically practiced by young, poorly educated hunters who tend to live closer to the forest and who are more familiar with their environs; (b) the gathering of non-timber forest products for traditional use, practiced by traditional forest gatherers who tend to live farther away from the forests; (c) diverse forest gleaning, practiced by more recent settlers living far from the forest edge; and (d) farming (including swidden), generally pursued by older, long-established settlers in the 
PPSRNP Zonation and Management Scenarios
The principal mechanism of park management is zonation, which determines which human activities are permitted where. The Environmentally Critical Areas Network zoning process (ECAN zoning), which is provided for by the Strategic Environmental Plan for Palawan Act (Republic Act 7611), distinguishes three management zones: (1) core (strict protection) zone, involving all areas where natural forest still exists above 1,000 m and areas with very steep gradients, as well as other areas with 'endangered and rare' species; (2) buffer zone, covering all areas that generally surround the core zone where land use is under relatively robust control; and (3) multiple-use zone, consisting of areas with \18 % slope and \300 m elevation with anthropogenic modifications such as extensive timber extraction, grazing and agriculture.
In reality, the species for which the park is most important-and indeed the habitat classes in which they occur-are distributed unevenly across these zonal designations (Mallari and others 2011) . The aim of this study is therefore to illustrate how managers can use abundance data on key/focal bird species and their habitats to predict the population responses of each species to various management options, and hence to optimize the distribution and extent of management zones for biodiversity conservation. We do this by: devising realistic simulations of land-use changes across the park based on current or future management change scenarios; assessing the responses of the park's key birds, in terms of abundance shifts, to these simulations; and assessing the performance of each management scenario in terms of gains and losses calculated under different bird species weighting systems (e.g., endemic species, levels of threat).
Methods

Bird Abundance Data
From the 87 species recorded in our surveys in [2006] [2007] [2008] 18 were selected as focal species (Caro 2003; Posa and Sodhi 2006; see Table 1 ) because they include: (1) lowland forest specialists and therefore represent other species which are dependent on this forest type, which is currently under tremendous pressure from logging and fragmentation (Brook and others 2003); (2) understorey species believed to be Our calculations assume that the effects of habitat change on bird populations are proportional. This is a necessary simplification (some implications of this are discussed later) of the complex relationships between bird density and habitat quantity, quality and spatial configuration.
Land Cover of Habitats within the Park
Contrary to the assumption that threatened and rare bird species occur in forest above 1,000 m, recent analysis indicates that most threatened species occur in lowland forests of PPSRNP up to around 700 m (BirdLife International 2004; Mallari 2009; Mallari and others 2011) . Accordingly, we exclude forests above 700 m from analysis. We generated bird data only from the buffer and multiple-use zones in the park's lower elevations (\700 m). 2 (24.6 %) early secondary growth and 6.6 km 2 (7.4 %) cultivation and associated land uses (e.g., settlements) (Fig. 1) . Although these land cover figures may not be accurate, especially the distinction between early and advanced secondary growth, ground-truthing through detailed habitat measurement in vegetation plots within land-use categories revealed highly significant differences in important habitat measures such as canopy cover, tree size and understorey characteristics between habitat classes (Mallari 2009 ).
Management Scenarios
Using the habitat coverage calculations described above, we developed five theoretical management scenarios that deviate from the park's current management (which involves areas of habitat as given above). These are inevitably simplistic analyses of the effects of management choices as they do not take into account the effects of other ecological phenomena and parameters such as connectivity of populations, dispersal patterns, patch size, fragmentation, recolonization rates and reproductive rates. They also assume that our density estimates capture the true abundance of bird species across a particular habitat class in a way that can be extrapolated across the park. The bird density estimates came from 152 km of surveys along 38 transects around the park (Mallari and others 2011), so we consider their generality robust. Three scenarios (1-3: Table 2 ) explore how major changes in land-use coverage might affect population sizes of individual species, assuming that each scenario might play Table 2 ) reflect the more modest levels of change that the authorities might negotiate during the life of the new management plan, which will be in effect for a minimum of 5 years. Scenario 1 Relocation of park inhabitants and full closure of the park to all human land use so that all areas eventually regenerate and reach climax successional stage, that is, 100 % old growth.
Scenario 2 A 100 % increase in human settlements, roads and paddy fields, with cultivation doubling through the conversion of 6.6 km 2 of advanced secondary growth but with the area of early secondary growth and old growth forest remaining unchanged.
Scenario 3 Conversion of 50 % of the park's old growth forest cover to a mixture of cultivation, early and advanced secondary growth and old growth, replicating proportions in the Manturon corridor: 57.6 % cultivated, 9.3 % early secondary growth, 11.1 % advanced secondary growth, 22.1 % old growth. (The Manturon corridor, within the park buffer zone, is the main settlement area for park inhabitants where high population growth is expected and agricultural expansion was observed.) Shown are populations of focal species in each of the four habitat classes under current conditions and under scenario 3. In parentheses are the density estimates ± coefficients of variation (D ± %CV) on which the population sizes are calculated. For habitat abbreviations see Table 1 NR not recorded in the habitat class in question; ? recorded in the habitat class in question but too infrequently to calculate density. [0 too infrequently recorded to allow density estimate and, therefore, treated as zero in scenario 3
Environmental Management (2013 Management ( ) 51:1236 Management ( -1246 Management ( 1241 Scenario 4 Creation of a biological corridor of old growth forest (c.4.2 km 2 ) involving the following areal changes: cultivated from 6.6 to 5.2 km 2 , early secondary growth from 22.3 to 20.9 km 2 , advanced secondary growth from 26.0 to 24.6 km 2 and old growth from 35.6 to 39.8 km 2 . Scenario 5 An additional 2 km 2 of cultivation, either as permanent plots or as shifting agriculture. If the agriculture is shifting in nature, then the additional area covered by active plots would be 2.0 km 2 of active cultivation but with fallows left as plots shifted. Evidence elsewhere indicates that plots are active for 5 years, followed by successional fallows of 20 years (Raman and Sukumar 2002; Van Gemerden and others 2003; Mertz and others 2005; Malanson and others 2007) . We assume the first 10 years of fallow produce early secondary growth and the second 10 years advanced secondary growth. This means that 10.0 km 2 of old growth would be lost to one 2.0 km 2 plot of active permanent cultivation and 4.0 km 2 plots of early and 4.0 km 2 advanced secondary growth. We assessed the effects of the above scenarios both on the populations of individual species and on the bird community as a whole. We did this using: (a) numbers of species declining by [10, 20, and 50 %; (b) mean percentage change in all species considered, and mean changes in Palawan endemics and threatened species; (c) number of species with populations \1,000 individuals, \500 individuals and \200 individuals; and (d) evenness 'J' of population sizes (this being a measure of how similar the population sizes are across species, assuming that relatively even abundances are preferable to some very common and some very rare species).
Results
As expected, scenario 1 (exclusion of human land use, return to old growth) yields significant benefits in terms of increased bird populations (Tables 3 and 4 ). Average increment per species is around 20 %, with threatened species gaining well ( Table 5 ). The number of species with populations \1,000 and \500 individuals both decreases. Five species are expected to increase by[50 % and nine by[25 %. Gains are not equal, however, and three species, including the endemic (threatened) ashy-headed babbler and (NT) Palawan flycatcher, decline severely (in fact they become extinct in the park) because they are secondary forest or forest edge species which are rare in or absent from most primary forests. This said, evenness of population sizes is highest under scenario 1, Only percentage changes are given for scenarios 4 and 5, as population shifts were generally small. Species with asterisk (*) are endemic to Palawan VU Vulnerable, NT Near Threatened on the IUCN red list (all other species are Least Concern), Perm permanent agriculture, Shift shifting agriculture indicating that, of the remaining species, few had either very small or very large populations (Table 5) . Population changes under scenario 2 are relatively modest, this being a function of the maintenance of cover of old growth, where bird densities tend to be highest. Species with large shifts under scenario 2 are red-bellied pitta and Palawan flycatcher (Tables 3 and 4 ), owing to their low densities in cultivation and early secondary growth in comparison with those in more pristine habitats (in the latter case, in advanced secondary growth).
Changes under scenario 3 are rather different. In fact, population changes are not correlated between scenarios 2 and 3 (Pearson's r = ?0.28, df = 16, P = 0.26). Losses are much larger, and it is species with highest densities in old growth forest, such as Palawan peacock-pheasant, falcated wren-babbler and citrine canary-flycatcher, that suffer most seriously when intact forest is converted to other habitats/land uses (Tables 3 and 4) .
Population changes in response to scenarios 4 and 5 are more modest, averaging ±1-2 %, although shifting agriculture has the bigger impact (3-5 times greater changes in bird populations), largely because it affects an area five times larger than permanent agriculture (Table 5 ). The addition of just 2.0 km 2 of shifting cultivation within the park produces predicted declines of almost 20 % in primary forest species such as falcated wren-babbler. At the same time, it produces increases of similar magnitude in Palawan flycatcher and mangrove blue flycatcher.
Discussion
Bird Data and Management Planning in PPSRNP Ideally, we would have ecological data to support more complex models of the reactions of species to habitat/landuse changes as these would potentially improve the accuracy of predictions. Such data are unavailable for virtually every taxon in every protected area in the tropics. We believe, however, that this simple modeling exercise demonstrates how science can positively drive management in protected areas. As modeled, the predicted impacts of habitat change on species for which PPSRNP has globally important populations can be mitigated by a revision of the management zoning of the park. This revision would include a re-classification of lowland old growth forest and advanced secondary forests to core zone. Currently, by default, these lowland forest habitats are classified as buffer zone and accorded lower management priority. Any negative impacts on these areas risk compromising the park's ability to meet its WHS obligations to maintain its biodiversity values. Therefore, where there are issues related to tenure or use rights that have an impact on these key habitats, they should be reviewed and appropriate agreements made. For example, a current issue is the re-classification of c.5.0 km 2 of land in the western sector of PPSRNP as 'alienable and disposable land' which means that these will either be re-zoned or be excised from the park. Some 60 % of this area is early secondary growth that will probably be converted to multiple-use or permanent cultivation. This will, of course, affect threatened species but, by using our models as a guide, the park management has decided to revise the management zones to compensate and mitigate the predicted biodiversity losses by re-allocating an appropriate-sized area of buffer zone to the core zone. These planned changes in the management regime are now being subjected to formal public consultations to seek endorsement from stakeholders as prescribed under Philippines protected area law. This endorsement will then be a trigger for PAMB approval supported by corresponding local government legislation. Mean % change-all species ?18 ± 52 -4 ± 7 -10 ± 16 ?2 ± 4 -1 ± 2 -5 ± 10
Mean % change-endemics ?13 ± 54 -5 ± 8 -10 ± 15 ?2 ± 4 -1 ± 2 -4 ± 10
Mean % change-threatened taxa ?20 ± 60 -6 ± 9 -12 ± 16 ?2 ± 4 -2 ± 4 -5 ± 11
Spp with \1,000 individuals (11) 8 11 12 11 11 13
Spp with \500 individuals (7) 5 7 8 6 7 8
Spp with \200 individuals ( Irrespective of how the various scenarios play out, our population estimates for the focal species within PPSRNP are of concern generally. Seven species have estimated populations below 500 individuals within the park and all but one are below 2,750. There is no globally agreed threshold for a minimum viable population size (e.g., Traill and others 2007) , as the number of individuals required to maintain long-term demographical and genetic health appears to vary greatly with species. Nonetheless, managers should be aiming to conserve thousands rather than hundreds of individuals (Traill and others 2010) . While PPSRNP may play a critical role in the long-term conservation of Palawan's biodiversity, the safeguarding of the island's important birds-and by extension other key biodiversity-is also likely to require managing habitat currently outside the park. There is, therefore, an urgent need to expand PPSRNP to cover forest areas outside its present boundaries, for example, by establishing a buffering network of adjacent community conserved areas (CCAs). While caution is needed when using density data to make inferences about changes in bird abundance both inside and especially outside the park (e.g., Buckland and others 2001) , the greatest benefits to most key bird species outside the park might be gained by converting areas of early secondary growth to advanced secondary growth or advanced secondary growth to old growth (see Table 3 for density estimates in different habitats). Even in areas where preservation of old growth forest is not possible, secondary forest species such as Palawan flycatcher may benefit if areas of heavily degraded habitat outside the park are restored. It is especially worrying that seemingly small increases in human activity (in terms of habitat converted) in the park (scenarios 2, 3 and 5) risk relatively high negative impacts on some focal species. Allowing conversion of less than 2.5 % of the park (2.0 km 2 from the 90.5 km 2 considered) to active shifting agriculture might reduce populations of some species by 10-20 %. Shifting agriculture generally, but not always, exhibits lower species richness/diversity than old growth forest (e.g., Wang and Young 2003; Scales and Marsden 2008) , and there is usually high beta diversity between the avifaunas of old growth forest and shifting agriculture (e.g., Naidoo 2004) . Predicting which species decline on conversion to shifting agriculture and how much they decline is far from easy (Scales and Marsden 2008) , and effects of the myriad small-scale agricultural systems practiced across the tropics require close attention from wildlife managers.
Improving the Data Available to Managers
Our bird abundance and habitat data took about 400 person-days to collect, while simultaneously training park staff on field methods. Nevertheless, improvements to the scope and quality of the data are needed, because 1. Similar survey work on other key species is vital, given the possibility of poor congruence between habitat associations in different groups (Vera and others 2011) . Management prescriptions for key/focal bird species may be important but the interests of other taxa of conservation concern need also to be served as far as possible. 2. Density estimates are generally imprecise, particularly for the rarer species, so increased resources along with novel approaches to improve their accuracy will be helpful (Buckland and others 2001) . Conversely, survey effort might be reduced, at least in terms of expertise needed, by considering bird encounter rates from simpler surveys (Danielsen and others 2005) or by using occupancy modeling rather than density estimation (MacKenzie and others 2005). 3. The habitat categories could be refined to take into account heterogeneity within land use. Our work has assumed that samples of (e.g.) 'early secondary growth' were representative of that habitat across the park, but the reality may be different. For example, cleared land in one area might regenerate to early secondary growth in a different way or it might take longer to do so than in another. 4. Our data do not properly reflect the complexities of bird ecology. For example, rates of dispersal into new habitats are likely to vary with species, and habitat patch size and configuration may influence species complements in these habitats (e.g., Magrach and others 2011). However, data to support more complex modeling of animal population changes are lacking for virtually every taxon in almost every protected area in the tropics.
Conclusion
The effectiveness of protected areas depends on knowledge of the biodiversity values they possess and what needs to be done to ensure that targets for maintaining those values are met. This then allows specific and realistic assessment of the practicality of management options, based on resources, capacity and socio-political realities. Our case study shows how relatively simple information on the extent of different habitats, and on the population densities of selected species of high conservation concern within them, can provide a sound basis for choices between various management options. Of particular concern for PPSRNP is the expansion of shifting agriculture within the park, and our study demonstrates why permanent agriculture represents a better option. The scenarios that we modeled illustrate the means by which seemingly difficult decisions can more easily be taken if PPSRNP is to fulfill its national and international biodiversity conservation obligations. This has already informed the PAMB's decision making, as it has decided to re-zone the park and taken steps to mitigate the loss of land conversion as alienable and disposable land to which it is legally committed.
Quantitative baselines such as population densities used here have improved the ability of PPSRNP to develop more measurable, reportable and verifiable conservation targets as well as design appropriate management interventions. This approach can be used elsewhere in the Philippines by coupling the minimum required dataset (i.e., list of threatened species, vegetation cover and land use, ethnographic data on forest occupants) with the General Management Planning Strategy prescribed by the National Integrated Protected Areas System Act (NIPAS). This will help each management plan to articulate site-level (landscape) conservation strategies and species-level management interventions, both of which are currently lacking. The approach has also helped rectify the weakness of the previous management planning process and management plan by according equal premiums on lowland forests where most threatened birds occur and other representative habitats that harbor other representative biodiversity such as riparian ecosystems or intermediate habitats. We urge protected area managers to work with ecologists to generate the data to underpin this kind of informed management that will help ensure delivery of the biodiversity and sustainable development remits of the protected areas in the Philippines and elsewhere.
